Molecular Basis of Phosphatidylinositol 4,5-Bisphosphate Recognition by the Adaptor Protein Tirap  by Zhao, Xiaolin et al.
662a Wednesday, February 19, 2014interaction of NPT2a with PDZ1 or PDZ2 in full-length NHERF1 was 1.6mM
and 33mM, respectively. Only isolated PDZ1 interacted with NPT2a
(Kd=11mM). Isolated PDZ1 and PDZ2 interact with PTHR with Kd’s of
2.9mM and 1.3mM, respectively. In the context of full-length NHERF1
PTHR binds PDZ1 and PDZ2 with a Kd of 1.7mM and 2.2mM, respectively.
We conclude that variances are evident between measurements of isolated
PDZ domains and full-length NHERF1. The lower affinity of the PDZ2 domain
in full-length NHERF1 compared to isolated PDZ2 is due to adoption of the
self-associated conformation. Graded occupancy of PDZ domains may impart
differences in NHERF1 signaling and trafficking. We suggest that energetic
barriers separating NHERF1 self-associated and open states in the cellular envi-
ronment may be reduced by phosphorylation. MD simulations predict that up-
stream residues in the C-terminus contribute to the binding and specificity of
interaction with PDZ domains. The results provide novel molecular insights
into the recognition of major PDZ binding partners.
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Toll-like receptors (TLRs) provide a mechanism for host defense by acti-
vating innate immune responses. Activated TLRs [e.g., by bacterial lipopoly-
saccharide (LPS)] dimerize, and interact with adaptor proteins through their
cytosolic TIR domains to trigger a signaling cascade that ultimately leads to
the expression of proteins involved in pro-inflammatory responses. One such
adaptor protein is the TIR domain-containing adaptor protein (TIRAP),
which contains an N-terminal phosphatidylinositol 4,5-bisphosphate
(PtdIns(4,5)P2)-binding region that is required for plasma membrane target-
ing and a C-terminal TIR domain, which mediates myeloid differentiation
primary response gene 88 (MyD88) association. Upon ligand binding, the
LPS-binding protein TLR4 is proposed to be recruited to PtdIns(4,5)P2-rich
regions where TIRAP resides. At these sites, TIRAP recruits MyD88 to the
plasma membrane via TIR-TIR domain interactions; thus TIRAP bridges
MyD88 binding to activated TLR4. A conserved short stretch at the N-termi-
nus of TIRAP has been shown to be sufficient to target the protein to the
plasma membrane. We show that this region, which we named the
PtdIns(4,5)P2 binding motif (PBM), folds in dodecylphosphocholine (DPC)
micelles, and binds PtdIns(4,5)P2. The solution structure of the DPC-
associated TIRAP PBM indicates that the peptide adopts a helical structure
in micelles. Furthermore, we demonstrate that PtdIns(4,5)P2 can induce a he-
lical structure in TIRAP PBM, a feature observed in other PtdIns(4,5)P2 mod-
ules. NMR data indicates that TIRAP PBM binds PIP2 in a fast exchange
regime with a moderate affinity through two conserved basic regions.
Thus, these studies will provide a basis for understanding the mechanism
of TIRAP’s membrane targeting and recruitment of TIR-containing proteins
required to trigger pro-inflammatory signaling.
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The alpha-helical conformation and structural stability of single and double
stapled all-hydrocarbon cross-linked p53 peptides in solution and when bound
to MDM2 are investigated. We determined the effects of the peptide
sequence, the stereochemistry of the cross-linker, the conformation of the
double bond in the alkene bridge, and the length of the bridge, and the relative
stability of the alpha-helix structure. The conformation population distribution
indicates a fully helical state and several partially folded states. The distribu-
tion of dihedral pairs of the stapled peptides in the bound state indicates a sig-
nificant population around the alpha-helical region. Peptide residues over
which the linker spans tend to have the highest helical occupancy. WaterMap
simulations yielded over hundred hydration sites identifying regions with
water density greater than twice that of the bulk. The free energy released
by displacing the hydration sites populating the staple-binding pocket was
determined. The three hydrophobic pockets, which bind Phe19, Trp23 and
Leu26, provide a large positive contribution to the binding free energy for
all peptides studied. In agreement with experimental data, potential of mean
forces and weighted histogram analysis methods indicated the order of pep-
tides from lowest to highest binding affinity to be cis-sah3, WT, cis-sah8
and cis-sah4.
Work done in collaboration with Z. Guo, K. Streu, G. Krilov. UM thanks Gug-
genheim Foundation for Fellowship.3351-Pos Board B79
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Multi-functional dehaloperoxidase-hemoglobin (DHP) is a versatile protein that
functions as an oxygen transporter, but also has functions related to detoxification
of a range of substrates including brominated phenols and indoles. It is ironic that
the inhibitor binding site has been known for 15 years, but the substrate binding
sites remain elusive. Two recent X-ray crystallographic studies reveal internal
substrate binding sites. However, since there are at least three binding sites for
2,4,6-trihalophenols alone, the functional location of substrate binding remains
unresolved. Moreover, recent kinetic data show that a number of indoles are
excellent substrates for DHP and the isotope data indicate that some of these
are oxidized directly by bound H2O2 (peroxygenase function) or O2 (monooxy-
genase function). Clearly the internal binding requires a large binding cavity and
protein dynamics that permit the entrance of these large molecules into the distal
pocket. Time-resolved X-ray crystallography reveals ballistic motion of carbon
monoxide to the only internal Xe-binding site and rapid escape from the protein,
both features that are consistent with the open architecture of the distal pocket.
Preliminary NMR dynamic studies show that this method can be used to comple-
ment X-ray crystallography to provide information on the location of substrate
binding. Resonance Raman studies complement these methods as well providing
a means to study how ligand binding to the heme Fe interacts with the internally
bound inhibitors and substrates. This combination ofmethods has the potential to
reveal functional differences in the binding of different substrates and the role
played by protein dynamics in controlling the functional switching of DHP.
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Membrane binding is essential for the biological activity of Ras proteins, the
key regulators of diverse signaling pathways whose malfunction accounts for
more than 15% of all human tumors and up to 90% of cases in specific tumor
types. However, decades of effort has to date failed to yield selective Ras inhib-
itors. We hypothesize that disrupting the dynamic coupling between the
nucleotide-binding and membrane-interacting regions of Ras by small molecule
ligands may have better therapeutic potential. As part of an effort to test this hy-
pothesis, we applied a variety of existing and new ligand binding site identifi-
cation schemes on ensembles of Ras conformers generated by extensive
molecular dynamics simulations in solution and membrane environments. We
will discuss the discovery of new pockets that have the potential to bind small
molecule ligands, along with alternative strategies for Ras drug design emerging
from interactions between various computational and experimental approaches.
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Ras proteins regulate diverse signaling pathways by cycling between active and
inactive conformational states. Ras mutations are associated with a variety of
cancers and developmental disorders, accounting for ~15% of all human tu-
mors and 90% of cases in pancreatic cancer. Membrane binding through the hy-
pervariable region is essential for the biological activity of Ras proteins.
Understanding isoform-specific differences in membrane binding could there-
fore lead to new therapeutic strategies. The goal of this work was to find novel
druggable sites on the surface of membrane-bound oncogenic K-ras. To this
end, we carried out multiple, microsecond-long all-atom molecular dynamics
simulations on G12D K-ras and generated a very large structural ensemble.
Applying a variety of ligand binding site identification techniques on this
ensemble, we identified several pockets that have the potential to bind small
molecule ligands. Moreover, we found that some of the previously described
ligand-binding sites in solution are inaccessible to ligands in the presence of
a membrane. Our analysis also yielded some new insights into the dynamics
of membrane-bound oncogenic K-ras.
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Major histocompatibility class I complex (MHC) proteins are intracellular re-
ceptors that bind peptides of eight to ten amino acids to present them to the
